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(54) Package for semiconductors, and semiconductor module that employs the package 



(57) A low-cost package for semiconductors that is 
superior in heat dissipation and capable of preventing 
the cracking of semiconductor elements at the time of 
mounting, and a semiconductor module employing the 
package. The package for semiconductors comprises a 
C VD diamond substrate 22 made of an independent dia- 
mond lamina, and a highly heat -conductive metallic 
member 21 bonded with the substrate. Semiconductor 
elements such as MMICs are mounted on an area 25 
for mounting semiconductor elements. The CVD dia- 
mond substrate 22 may be replaced by a composite in 
which a CVD diamond layer is formed on a base material 
having thermal conductivity of 100 W/m-K or more. The 
provision of protuberances 26 of the metallic member 
21 around the CVD diamond substrate 22 prevents the 
leakage of microwaves and millimeter waves. 
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alumina (Al 2 0 3 ) may be provided at the bonding places of the lead frames for the package. On the surface for mounting 
semiconductor elements of the CVD diamond substrate or layer, laminated wiring layers comprising a plurality of com- 
binations of an insulating layer having a dielectric constant of 5 or less and a metallic wiring layer may be formed. 
[0011] The semiconductor module offered by the present invention mounts a high- 
s [001 2] The semiconductor module offered by the present invention mounts a high-output semiconductor element or 
high-output semiconductor elements on the surface for mounting semiconductor elements of the CVD diamond sub- 
strate or the CVD diamond layer formed on the top of the base material of the above-described packages for semi- 
conductors. 

[0013] The present invention, employing the CVD diamond substrate or the highly heat-conductive base material 
io having the CVD diamond layer on it as the substrate for mounting semiconductor elements, provides a package for 
semiconductors that is safe in production due to the exclusion of toxic BeO, superior in heat dissipation with low thermal 
resistance, and able to prevent the cracking of a semiconductor element at the time of mounting. 
[0014] Particularly, the substrate for mounting semiconductor elements that has a thin CVD diamond layer on the 
highly heat-conductive base material causes the effective coefficient of thermal expansion of the top region to increase, 
15 more reliably preventing the cracking of semiconductor elements mounted on the same. 

[0015] The provision of protuberances on the metallic member facilitates the extension of the ground potential with 
low inductance, and enables the production of semiconductor modules free from leakage of microwaves and millimeter 
waves, providing an environment where even high-output, highly heat-generating semiconductor elements such as 
MMICs operate stably 

20 [0016] For a substrate for mounting semiconductor elements, the present invention employs either a CVD diamond 
substrate made of an independent diamond lamina formed by vapor-phase synthesis or a base material, having thermal 
conductivity of 100 W/m-K or more, with a CVD diamond layerformed on the surface thereof. The CVD diamond, which 
has been specially developed in recent years, can be synthesized with a larger area than natural diamond or diamond 
grown by high-pressure and high-temperature method, facilitating the cost reduction of semiconductor modules and 

25 packages. The bonding of the CVD diamond substrate or the base material, having the CVD diamond layer formed on 
the surface thereof, with a highly heat-conductive metallic member enables the reduction of the heat resistance of the 
package for semiconductors. It is desirable that the highly heat-conductive metallic member be made of Cu, Mo, Cu- 
W alloy, Cu-Mo alloy, or Cu-W-Mo alloy, for example. Clad materials thereof may also be used. 

[0017] In the package for semiconductors of the present invention, it is desirable that the metallic member have 
30 protuberances around the CVD diamond substrate or the base material having the CVD diamond layer, the protuber- 
ances reaching the top of the CVD diamond substrate or layer. The fitting, and the bonding with the metallic member, 
of the CVD diamond substrate or the base material having the CVD diamond layer only on the inside of the protuber- 
ances enables the miniaturization of the portion made of the CVD diamond and the package itself., resulting in the cost 
reduction of the package. The protuberances prevent leakage of microwaves and millimeter waves, and provide the 
35 semiconductor elements to be mounted with easy access to the ground potential in place of via holes, enabling the 
realization of a high-performance package. 

[0018] As mentioned above, as the substrate for mounting semiconductor elements in the present invention, the 
CVD diamond substrate may be an independent diamond lamina formed by vapor-phase synthesis. As for the thickness 
of the diamond lamina, if it is extremely thin, the highly heat-dissipating property of the diamond cannot be exploited, 
40 and if it is extremely thick, the total cost will increase. Consequently, it is desirable that the thickness of the CVD 
diamond substrate lie in the range of 50 to 700 u.m, preferably in the range of 100 to 500 urn. 

[0019] As the other embodiment of the present invention, the substrate for mounting semiconductor elements may 
comprise a base material having thermal conductivity of 100 W/m-K or more and a CVD diamond layer formed on a 
part or the whole of the top of the base material. It is desirable that the base material, having thermal conductivity of 
45 100 W/m-K or more, comprise at least one kind selected from the group consisting of Si, AIN, SiC, Cu-W alloy, Cu-Mo 
alloy, and Cu-W-Mo alloy. It is also desirable that the thickness of the base material be in the range of 200 to 700 ujti. 
It is desirable that the thickness of the CVD diamond layer formed on the base material be in the range of 5 to 200 u, 
m, preferably in the range of 10 to 100 jam. 

[0020] In this case, since the CVD diamond layer formed on the base material can be made thin as shown above, 
50 a package at much less cost is obtainable. In addition, the thin diamond layer on the base material causes the effective 
rate of thermal expansion of the region for mounting semiconductor elements to become considerably great in com- 
parison with the CVD diamond substrate made of the independent diamond lamina, approaching that of the semicon- 
ductor elements. This therefore reduces the thermal stress generated in the semiconductor element, more effectively 
preventing the cracking of the semiconductor element when it is mounted. 
55 [0021] The provision of a CVD diamond layer on the base material enables a highly effective dissipation of the heat 
generated by the semiconductor elements. More specifically, the heat generated at the semiconductor elements first 
diffuses laterally in the diamond layer of high thermal conductivity, and then propagates into the highly heat -conductive 
base material below through the whole area of the diamond layer. Thus, a highly heat-dissipating property is given to 
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he package even with a thin CVD diamond layer. In order to obtain ^superior lateral heat transfer in the diamond 
' Si" "desirable that the CVD diamond layer have thermal conductivity of 1000 W/m-K or more 

h ? Pfe f inV6n ! i T ° fferS 3 Pa ° ka9e f ° r semiconduc to^ that has a metallized layer on the area for mounting 

5 m P Tr 7 h, ' 6ntS ? CV ° diam ° nd SUbS,ra,e ° f the CVD diamond la * er on the base material Shis 
s metallized layer, sem.conductor elements are bonded by a soldering material. It is desirable that the metallized layer 

SZT I ?h . Kind °' meta ' S8leCted ,r ° m the 9r ° UP C ° nSiStin9 ° f Au ' Mo ' Ni ' Pt > Pd iTcJ and A an alfoy 
thereof or larrunated layers thereof. It is desirable that the soldering material comprise at least one kind of metal 
selected from the group consisting of Au, Si, Ge, Sn, Pb, In, Ag, and Ti; or an alloy thereof. It is desirable that LTota 
thickness of the metallized layer and soldered layer be in the range of 0 1 to 50 urn 
10 [0023] It ,s desirable that the lead-frame bonding zones of the package for semiconductors be provided with a ceramic 
the CVD T" hT main 'r T S,in9 ° f a ' Umina For instance ' the C VD *«» nd substrate or L tesfmaSSg 
L b^bonZwK ' S ti, 6 ' W ' th T me,a " iC membSr * the inSidS ° f the P«*"berances, and the ceramic member 
mlSL n i m memb6r at the ° UtSide °' the P^berances to connect the lead frames through the 

tL^eramic meTJ f P ° f th * ce ™ Smber ThUS ' besideSthe substrate for mounting semiconductor elements 
the ceramic member for connecting lead frames is bonded with the metallic member, so that cost reduction mav be 
ach,eved, and the lead frames may be attached easily with high bonding strength V 
[0024] In the package for semiconductors of the present invention, the formation of laminated wiring layers com- 
ber on C ( ° mbina,i ° nS * a " insula,in 9 **" ha ™9 a dielectric constant of 5 or less and meS wiring 
layer, on the surface for mounting semiconductor elements of the CVD diamond substrate or the CVD diamond laS 
on the base material further increases the mounting density of semiconductor elements. This contributes lo^ncrease 
ESS I? qUenC J ? Semic ° nduc,or module and to the miniatur.ation of packages and modutes 
[0025] A low-cost, h.ghly heat-dissipating semiconductor module may be constituted by mounting a hiqhoutout sem- 
iconductor element or high-output semiconductor elements on the CVD diamond substrate or layer of Te pactea ,or 

zr to u, c 2 of th ; p : eseni inven,ion - The moduie is suitabie ,or * ^nT^xz: 

9 m^ P sem,conductor e,ements ^inly consisting of gallium arsenide or Si, in particular highK>utput transistors 

Lded wit fh d6 rvn b H e J "t^*" ssmM «°< opposite to the heat^ne ng^e be 

b " en Dd,ar "°"d substrate or the CVD diamond layer on the base material 

[0026] As mentioned above, employing CVD diamond as the substrate for mounting semiconductor elements enables 

IZT^LZ ?sy ,or r L conductors that is superior in heat dissi P ati - with - th -™' resisLc n e ab h e : 

package having the CVD diamond substrate or the base material with the CVD diamond layer formed on it as the heat 
sink. The semiconductor module that mounts a semiconductor element or semiconductor elements on the packlge 
M^cT Zat2b P r deS 3n enVir0nm6nt Wh6re UnPreCedented '^ -icrowave-amp,ifying t^to^ 

[0027] The following drawings are provided by way of example- 

35 Sn- ZZV iS 3 schema,ic | i,lustration °' a " embodiment of the package for semiconductors of the present in- 
vention, (a) is the cross-sectional view taken on line A-A of plan view (b) 

[0029] Figure 2 is a schematic illustration of another embodiment of the package for semiconductors of the present 
invent.cn; (a) is the cross-sectional view taken on line B-B of plan view (b) nauciors ot the present 

40 ? Ur6 V S 3 perspec,ive view of an exam P'e of conventional packages for semiconductors 

v 9Ur ? 3 f chema,ic ''"^ration of an example of conventional packages for semiconductors- (a) is the 
cross-sectional view taken on line C-C of plan view (b). >^^, w is me 

[0032] The following is the detailed explanation of the embodiment of the present invention, referring to the attached 
drawings. These examples are not to limit the scope of the present invention. 

« EXAMPLE 1 

Packages o f ° r semiconductors of the present invention were fabricated as shown in Fig. 1 . The package has 
a metalhc member 21 w.th two parallel protuberances 26 separated from each other on the metallic member Onto the 
submoun portion surrounded by the two protuberances 26. a CVD diamond substrate 22 made of a free 2nd ° 
djamond f„m formed by vapor-phase synthesis * bonded. Onto the outside portion of the protuberances 26 a frame 
Te^l^r T T ° f alUmina iS b0nded ' The CV ° diam ° nd SUbs,rate 22 ha * an area 25 for moun^ng 

z™zz:izzT e ,op thereof ' and ,ead ,rames 23 are attached ° nt ° the top * - — - 

wLlo 1 "™^ 9 ! H f S f";' Conductors was fabrica t^ d ^ the following manner: The metallic member 21 made of 
Cu-W alloy was provided with the two parallel protuberances 26 with a height of H surrounding the submount portion 

Zx S rT h madS l a 'r lna ^ " 3 ,fame haVi °9 a ,hickness of H in 'hat it might be Sed 

bond ,h! t,H , Pr ° tuberances 2 f The metalli2ed ^ ™ were prepared on the top of the ceramic member 27 to 
bond the lead frames by s.lver solder. The undereurface of the ceramic member 27 was also metallized (not indicated) 
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to bond the same with the metallic member 21 betow by silver solder. 

[0035] The free standing diamond film to be used as the CVD diamond substrate 22 was obtained from the gas 
synthesis of diamond on an Si substrate by the hot-filament CVD method under the conditions indicated in Table 1 
below. Then, the growth surface was polished, and the Si substrate was dissolved and removed by acid. The results 
s of the measurement of the thermal conductivity of the obtained independent diamond laminae by the laser-flash method 
fell into the range of 1050 to 1150 W/m-K. 



Table 1 



Material gas 


1 .2 vol.% methane-hydrogen 


Flow rate 


500 seem 


Pressure 


80 torr 


Substrate temperature 


800 °C 


Filament 


Tungsten 


Filament temperature 


2200 °C 



[0036] In order to obtain the CVD diamond substrate 22, a rectangular solid was cut from the free standing diamond 
film by laser beams so that the same might be fitted into the submount portion surrounded by the protuberances 26 of 
the metallic member 21 . The area 25 for mounting semiconductor elements on the top of the CVD diamond substrate 
22 was applied with a metallized layer in the laminated structure of 1 urn Au/0.1 u.m Pt/0.05 u,m Ti in the order of Ti, 
Pt, and Au from the bottom layer. The undersurface of the CVD diamond substrate 22 was bonded by AuGe solder 
onto the submount portion surrounded by the protuberances 26 of the metallic member 21. 

[0037] As for the dimensions in the foregoing package for semiconductors, the CVD diamond substrate 22 was 3 
mm wide, 7 mm long, and 0.3 mm thick; the thickness of the metallic member 21 was 1 .5 mm; and the height H of the 
protuberances 26 was 0.45 mm. On a package thus fabricated, an MMIC chip (heat generation: 60 W) was mounted 
on the area 25 for mounting semiconductor elements on the top of the CVD diamond substrate 22 to constitute a 
semiconductor module. The operational results showed that the module had a substantially high heat dissipation, and 
provided the chip with the ground potential of low inductance, so that the MMIC chip was able to operate stably with 
high efficiency for an extended duration. 

[0038] On the other hand, the operational results on the packages having a conventional AIN or BeO substrate, in 
place of the foregoing CVD diamond substrate 22 made of a free standing diamond film, on the submount portion were 
that the MMIC chip frequently failed to operate properly due to an excessive temperature rise when the chip's heat 
generation exceeded 10 W, resulting in the breakdown of the chip. 

EXAMPLE 2 

[0039] Packages for semiconductors were fabricated with a base material 24a having a CVD diamond layer 24b on 
the top of it, as shown in Fig. 2, in place of the CVD diamond substrate 22 made of an independent diamond lamina 
used in Example 1 above. The fabricating methods and dimensions of the package were the same as Example 1 except 
the formation method for the CVD diamond layer 24b, which is described below. 

[0040] As the base material 24a, Si, AIN, Cu-W alloy, SiC, and Si 3 N 4 were prepared separately. One entire surface 
of the base material 24a was made rough using diamond powders to grow diamond on the surface thereof by the hot- 
filament CVD method. The growing conditions are shown in Table 2 below. 



Table 2 



Material gas 


0.8 vol.% methane-hydrogen 


Flow rate 


400 seem : 


Pressure 


90 torr 


Substrate temperature 


770 °C 


Filament 


Tungsten 


Filament temperature 


2250 °C 



[0041] Thus the CVD diamond layer 24b was formed with high bonding strength over each base material 24a having 
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rhlters^nfofT f h aCh f ° d J am °' nd lay6r 24b WaS POfished dOWn to a thic Xness of 20 urn All the results of 
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Claims 

1 . A package for semiconductors comprising: 

a SSJf V t ap ° r - dep t osition (° VD > dia ™™< substrate for mounting semiconductor elements on the same and 
a h,ghly heat-conductive metallic member bonded with the CVD diamond substrate atihe suh^ S^T. rf 

substrate, with the protuberances reaching the top of the CVD diamond substrate. 
25 2. A package for semiconductors comprising: 

a CVD T^JT m T tinJ L S6miconductor ^ments that has thermal conductivity of 100 W/m-K or more 

° n 3 ° r ^ Wh ° le 01 ^ ^ «- - *• *• 'or -un^ 

a highly heat-conductive metallic member bonded with the base material at the base material 
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(57) A low-cost package for semiconductors that is 
superior in heat dissipation and capable of preventing 
the cracking of semiconductor elements at the time of 
mounting, and a semiconductor module employing the 
package. The package for semiconductors comprises a 
CVD diamond substrate 22 made of an independent dia- 
mond lamina, and a highly heat -conductive metallic 
member 21 bonded with the substrate. Semiconductor 
elements such as MMICs are mounted on an area 25 
for mounting semiconductor elements. The CVD dia- 
mond substrate 22 may be replaced by a composite in 
which a CVD diamond layer is formed on a base material 
having thermal conductivity of 1 00 W/m-K or more. The 
provision of protuberances 26 of the metallic member 
21 around the CVD diamond substrate 22 prevents the 
leakage of microwaves and millimeter waves. 
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